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Purpose: Nalbuphine is becoming a common analgesic used in hysteroscopic operations. The aim of this study was to identify the
median effective dose (ED50) and 95% effective dose (ED95) of nalbuphine combined with propofol in painless hysteroscopy.
Patients and Methods: Twenty-five patients aged 18–60 years with an American Society of Anesthesiologists classification of I–II
who were scheduled for painless hysteroscopy were recruited. The initial dose of nalbuphine was set at 0.15 mg/kg and varied by 0.01
mg/kg according to the Dixon sequential method. The ED50/ED95 of nalbuphine combined with propofol for hysteroscopy was
calculated by the probit method.
Results: The ED50 of nalbuphine was 0.122 (95% confidence interval (CI) 0.092–0.137) mg/kg, and the ED95 of nalbuphine was
0.153 (95% CI 0.138–0.361) mg/kg.
Conclusion: The ED50/ED95 values of nalbuphine combined with propofol in painless hysteroscopy are 0.122 mg/kg and 0.153 mg/
kg, respectively. Nalbuphine at 0.153 mg/kg combined with propofol is effective and safe for painless hysteroscopy.
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Introduction
Hysteroscopy is considered the “gold standard” for the diagnosis and treatment of intrauterine pathologies. Because of its
minimally invasive technique and visualization of the entire uterine cavity, hysteroscopy is widely used in gynecology.1

However, most patients cannot tolerate the intense pain and discomfort from hysteroscopy without sedation and analgesia.2

Therefore, hysteroscopy under intravenous anesthesia is becoming increasingly popular. The most commonly used sedation
anesthetic for endoscopy is propofol. However, propofol has weak analgesic effect as well as cardiovascular adverse
effects, thus, its combination with opioids can reduce the dose of propofol and alleviate the cardiovascular response.3

Nalbuphine is an agonist-antagonist opioid that acts on both the κ-receptor (agonist) and μ-receptor (antagonist). Due
to its pharmacological properties, nalbuphine has a unique analgesic effect on visceral pain. Meanwhile, nalbuphine
causes a lower incidence of side effects (eg, respiratory depression, nausea and vomiting, pruritus, or sedation) compared
to opioid μ receptor agonists.4,5 Therefore, nalbuphine is becoming popular in the analgesia of hysteroscopic operations.

However, the minimum effective dose of nalbuphine when administered in combination with propofol has not yet
been defined. The aim of this study was to identify the median effective dose (ED50) and 95% effective dose (ED95) of
nalbuphine when combined with propofol for painless hysteroscopy.

Methods
This study was approved by the Ethical Committee of The First Affiliated Hospital of Anhui Medical University, Hefei,
China (Approval No. PJ2021-01-20) and registered in the Chinese Clinical Trial Registry (www.chictr.org.cn; registration
number ChiCTR2100042494). Informed consent forms were signed by all participants.
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Participants
From January to March 2021, a total of 25 patients, American Society of Anesthesiologists I–II (ASA), aged between 18
and 60, who planned to undergo painless hysteroscopy and therapeutic surgery at our institution were selected. Patients
were excluded if they had a history of allergy to propofol or opioids, hepatic or renal insufficiency, cardiovascular or
neurological disease, escalation to tracheal intubation and general anesthesia, a procedure lasting >30 min, or an inability
to communicate.

Clinical Protocol
All patients fasted from solids for 8 h and from liquids for 2 h. Once the patient entered the operating room, peripheral
capillary oxygen saturation (SpO2), noninvasive blood pressure and electrocardiography were monitored regularly. All
patients inhaled oxygen with a mask (5 L/min). The Dixon sequential method was used in this study. Nalbuphine (Ren Fu
Rui Jing Pharmaceutical, Henan, China; lot no. 01J09021) was injected intravenously before the operation, and the initial
dose was 0.15 mg/kg. At 3 min after the onset, propofol was injected slowly for at least 1 min. Hysteroscopy was
performed when the patient lost consciousness. The initial dose of intravenous propofol was 2 mg/kg, and 0.5 mg/kg of
propofol was added if hysteroscopy failed (defined as poor cervical dilation and hysteroscopic placement, or Ramsay
Sedation Scale (RSS) score < 5, any physical movement, and frowning by the patient within 5 min). In this case, the
dosage of nalbuphine for the next patient was increased by one dose gradient. Conversely, the dose gradient for the next
patient was decreased by one dose gradient if the examination was completed successfully. The difference between the
two adjacent doses was 0.01 mg/kg. The experiment was completed when seven crossovers were achieved. The RSS
score was measured on a 6-point scale-level, with one representing the least amount of sedation and six representing the
most.

Adverse hemodynamic events were defined as hypotension (blood pressure < 20% of baseline), and sinus bradycardia
(heart rate (HR) < 50 beats/min). Respiratory depression was considered to be significant when SpO2 was below 90% or
the respiratory rate was <6 breaths/minute. Hypotension and bradycardia were treated with ephedrine (5–10 mg) and
atropine (0.3–0.5 mg), respectively. Assisted ventilation with oxygen via a facial mask was applied when respiratory
depression occurred.

Observation indices included the following: the dose of nalbuphine, the initial dose of propofol, the total dose of
propofol, the examination time (the time of hysteroscopy), and the anesthesia recovery time (the time from the last
administration of propofol to the patient’s recovery). Pain intensity at the point of recovery was evaluated with the visual
analog scale (VAS) pain score (0 = none, 10 = most severe). In addition, systolic blood pressure (SBP), diastolic blood
pressure (DBP), mean arterial pressure (MAP), HR and SpO2 were recorded before induction (T1), 1 min after induction
(T2) and at the time of recovery (T3). Common side effects, including drowsiness, nausea and vomiting, were also
recorded.

Statistical Analysis
All statistical analyses were performed by SPSS 22.0 (SPSS Inc., Chicago, IL, USA). Data are reported as the means ±
standard deviation. Normally distributed continuous variables at different time points were compared with paired t tests.
A p value <0.05 was considered to be statistically significant. The ED50/ED95 and 95% confidence interval (CI) of
nalbuphine when combined with propofol were calculated by the probit method (probability unit regression).

Results
Overall, 25 patients were enrolled and completed the experiment. The flow diagram of the study is shown in Figure 1.
The demographic characteristics of the patients are presented in Table 1. The perioperative profiles of the patients are
shown in Table 2. The postoperative VAS score was 1.56 ±1.12. Among all patients, only two developed transient
respiratory depression, and no nausea or vomiting was observed (Table 2). All vital signs were stable during the
operation. The MAP and HR at T2 were significantly decreased compared with those at T1 (MAP 107.52 ± 11.17 vs
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86.44 ± 8.99; HR 83.96 ± 10.71 vs 77.76 ± 9.33, P<0.05), but the reduction was less than 20% of the baseline value.
Moreover, the HR at T3 was statistically lower than the HR at T1 (83.96 ± 10.71 vs 76.32 ± 11.61) (Table 3).

The ED50 of nalbuphine determined by the up-and-down sequential allocation method was 0.122 (95% CI 0.092–
0.137) mg/kg, and the ED95 of nalbuphine was 0.153 (95% CI 0.138–0.361) mg/kg. The sequential doses of nalbuphine
coadministered with propofol for painless hysteroscopy are shown in Figure 2.

Figure 1 Flow diagram of the study.

Table 1 Demographic Data

Demographic Data Mean ± SD

Age (years) 37.44±8.61

Body Height (cm) 159.56±3.98

Body Weight (kg) 54.98±3.55
BMI (kg/ m2) 21.59±1.01

Note: Values are presented as the mean ± SD. BMI, body mass
index; SD, standard deviation.

Table 2 Perioperative Profiles of the Patients

Index Mean ± SD

Dose of nalbuphine (mg) 6.93 ± 0.89

Initial dose of propofol (mg) 109.96 ± 7.11

Total dose of propofol (mg) 147.60 ± 30.58
Inspection time (min) 9.30 ± 3.22

Maintenance time of first dose of propofol (min) 5.15 ± 1.95

Time of recovery (min) 5.88 ± 1.61
VAS pain score (points) 1.56 ± 1.12

Respiratory depression (n) 2

Nausea and vomiting (n) 0

Note: Values are presented as the mean ± SD or the number of patients.
Abbreviations: VAS, Visual analogue scale; SD, standard deviation.

Table 3 Hemodynamic Parameters at Different Time Points

Index T1 T2 T3

Heart rate (bpm) 83.96 ± 10.71 77.76 ± 9.33* 76.32 ± 11.61*

Mean arterial pressure (mmHg) 107.52 ± 11.17 86.44 ± 8.99* 103.88 ± 8.23

Note: Values are presented as the mean ± standard deviation. T1, time before induction; T2, at the beginning of the surgery; T3,
at the time of recovery. *Significant difference at P < 0.05 compared with T1.
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Discussion
Hysteroscopy is widely used for the diagnosis and treatment of uterine diseases. Although the duration of the operation is
short, most patients cannot tolerate the pain of cervical dilatation and endometrial curettage.1 Propofol alone or combined
with opioid μ receptor agonists, such as fentanyl and sufentanil, are current the anesthetic methods used for painless
hysteroscopy.6,7 However, propofol has a weak analgesic effect and injection pain,8 while opioid μ receptor agonists are
associated with an increased risk of respiratory depression, nausea and vomiting,9 which are unexpected for both patients
and anesthesiologists. Therefore, the anesthetic strategies still need to be improved.

Kappa (k)-opioid receptors are a subtype of opioid receptors, that are particularly effective for visceral pain.
Compared with μ receptor agonists, k-agonists do not induce addiction, respiratory depression or gastrointestinal transit
inhibition.10 The uterus is dominated by sympathetic and parasympathetic nerves from the spinal cord. Nalbuphine is a
classic opioid receptor agonist–antagonist with a high concentration in the spinal cord. It has a rapid onset, reduced
propofol injection pain, hemodynamic stability and fewer adverse reactions,11–13 which might be suitable for intrauterine
operation.

However, there are few official reports regarding nalbuphine use in painless hysteroscopy. Therefore, verifying the
ED50/ED95 of nalbuphine combined with propofol can provide a reference for future clinical use. The Dixon sequential
method is commonly used to determine the effective dose of drugs and was used in this study. The initial dose of
nalbuphine was defined according to the results of Li et al, who achieved an ED50/ED95 of nalbuphine during painless
gastroscopy of 0.078 mg/kg and 0.162 mg/kg, respectively.3 Therefore, in this study, the initial dose of nalbuphine was
determined as 0.15 mg/kg. During the first examination, the patient had physical movement; thus, the first point of
dosage (Figure 2) was counted as one crossover, and the dose of nalbuphine for the next patient was sequentially
increased by 0.01 mg/kg. When seven crossovers occurred, the ED50 and ED95 values for nalbuphine coadministered
with propofol anesthesia for hysteroscopy were calculated as 0.122 (95% CI 0.092–0.137) mg/kg and 0.153 (95% CI
0.138–0.361) mg/kg, respectively.

In this study, no nausea or vomiting was observed in any of the 25 patients. Only two patients had a short duration of
respiratory depression, with SpO2 higher than 90%. The MAP and HR were decreased at T2 but were not lower than 20%
of the baseline value. Since nalbuphine has little effect on hemodynamics and no effect on the cardiovascular system,14,15

the mild reduction in MAP and HR was mainly due to the effect of propofol. At the time of recovery (T3), patients were
normally quiet and peaceful, with a lower HR compared with the baseline value. The mean VAS score was 1.56 ±1.12,
which was considered slight pain. Both patients and gynecologists were satisfied with the operation procedure.

Figure 2 Stepwise dose adjustment of nalbuphine via the Dixon sequential method. Filled circle represents an effective dose; filled triangle represents an ineffective dose.
Abbreviations: ED50, median effective dose; ED95, 95% effective dose.
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One limitation of our study is that no elderly patients were included, since the patients were recruited from 18 to 60
years old. It is necessary to explore the appropriate dose of nalbuphine for elderly patients when coadministrated with
propofol for painless hysteroscopy. Additionally, this study was only conducted at a single center, and a multicenter study
on the effect of nalbuphine for painless hysteroscopy should also be implemented in the future.

Conclusion
The ED50/ED95 of nalbuphine combined with propofol for patients in painless hysteroscopy were 0.122 mg/kg and
0.153 mg/kg, respectively. Therefore, to achieve safe and effective painless hysteroscopy in adults, nalbuphine at 0.153
mg/kg combined with propofol is recommended.

Abbreviations
ASA, American Society of Anesthesiologists; BMI, body mass index; CI, confidence interval; DBP, diastolic blood
pressure; ED50, median effective dose; ED95, 95% effective dose; HR, heart rate; MAP, mean arterial pressure; RSS;
Ramsay Sedation Scale; SBP, systolic blood pressure; SD; standard deviation; SpO2, peripheral capillary oxygen
saturation; VAS, visual analogue scale.
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